Objectives. To evaluate the effect of auricular point acupressure (APA) on axial neck pain after anterior cervical discectomy and fusion (ACDF) surgery.
Introduction
Anterior cervical discectomy and fusion (ACDF), which was first depicted and applied in clinic by Robinson and Smith [1] , was a safe and effective procedure for symptomatic cervical spondylotic radiculopathy and myelopathy that was unresponsive to conservative management. In the United States, more than 5 million ACDF surgeries were performed between 1990 and 1999. The clinical outcome of this surgery was good or excellent in the V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com majority of cases based on long-term follow-up [2] . However, on rare occasions, complications may occur that could be troublesome, and in rare circumstances catastrophic, such as esophageal rupture or tracheal obstruction [3] .
Among the diverse complications, axial neck pain including neck pain and stiffness were common complaints after ACDF surgery [4, 5] . According to Kawakami et al. [6] , the incidence of axial neck pain in patients following ACDF surgery was as high as 38.3%. Ylinen et al. [7] reported that 43% of the patients experienced chronic neck pain and physical dysfunction with decreased neck movement and strength after ACDF surgery. Another study on axial neck pain after ACDF surgery conducted by Matsumoto et al. [8] reported that axial neck pain was observed in 25.8% of the ACDF patients during the follow-up period. In the case of ACDF surgery with a stand-alone cage (Zero-P; Synthes GmbH Switzerland, Oberdorf, Switzerland), 35.4% of patients complained of sustained neck pain during the follow-up period [9] . Axial neck pain after ACDF surgery was not obviously related to the recovery of neurological function, but it could cause great inconvenience to patients, affecting their working, social lives, and the curative effect of the treatment.
Much attention has been paid to axial neck pain because of its high incidence and impact on patients. To relieve axial neck pain, researchers have proposed a variety of approaches, including analgesics [10] , physical therapy [11] , and acupuncture [12] , and some of the aforementioned have shown some success. However, the precise causes of axial neck pain have not been fully identified, and no effective treatments have been developed. The high prevalence and unresolved axial neck pain after ACDF surgery indicate that a better pain management strategy is needed. Auricular point acupressure (APA) was one of the most popular complementary treatments. On the basis of Traditional Chinese Medicine (TCM) theory, APA stimulated the specific acupoints on the ear to relieve pathological status in other body parts [13] . The earliest record of APA goes back to 500 to 300 B.C. in ancient China. According to the record of Yellow Emperor's Inner Canon (Huangdi, Neijing), the ear was not isolated but intimately connected with all human body parts and all meridians [14] . The modern system of APA was modified and updated by a French neurosurgeon named Paul Nogier, who believed that the outer ear was just like an inverted fetus in the womb. And therefore, it provided the acupoints corresponding to all human body parts, including the internal organs [15] . The World Health Organization (WHO) has recognized auricular medicine as a form of microacupuncture that has therapeutic effects on the entire body [16] . The nomenclature of the ear zone system has been standardized [16] . As a form of microacupuncture, its therapeutic effects have been investigated in a wide range of health problems including relieving preoperative anxiety, psychosomatic disorders, various types of pain, managing hypertension, cocaine dependence, and controlling obesity [17] .
Numerous studies on APA have now shown promising prospects in pain relief, including hemicrania, dysmenorrhea, burn pain, polycystic ovary syndrome, pain due to hip fracture, postoperative pain, and chronic low back pain [18] [19] [20] . Although satisfying pain relief effects have been shown by these increasing studies of APA, it is still unclear whether APA could relieve axial neck pain after ACDF surgery.
Increasing evidence supports immune activation in the etiology and progression of pain. Changes in inflammatory cytokines, such as interleukin (IL)-1b, IL-6, and tumor necrosis factor (TNF)-a, have been linked to alteration in pain signaling pathways [21] . Mechanisms by which APA exerts its therapeutic effects are still unclear, but previously studies suggested that APA could modulate the inflammatory process in pain treatment [22] . We hypothesized that the benefit of APA on axial neck pain after ACDF surgery would be based on the regulation of inflammatory cytokines, such as IL-1b, IL-6, and TNF-a.
Therefore, in our study, we aimed to investigate the effects of APA on axial neck pain after ACDF surgery by stimulating the definitive point on the ear surface. In addition, plasma IL-1b, IL-6, and TNF-a were analyzed to explore the underlying biological mechanism of APA on axial neck pain relief.
Methods

Overview of the Study
A prospective randomized controlled trial was performed at Shaoxing Hospital of TCM, affiliated with Zhejiang Chinese Medical University. This study was approved by their Medical Ethics Committee, and all participants signed informed consent before they were randomly assigned into the real or sham APA group. Eligible participants received a total of four weeks of real or sham APA treatment according to their assigned groups.
Participants
Participants were enrolled if they met the following inclusion criteria: 1) they underwent ACDF surgery between age 35 and 65 years; 2) axial neck pain occurred within one month postoperation and intensity of pain was 4 or higher on a 10-point numerical pain scale; 3) there were no implant-related complications (screw loosening, breakage, or shifting) or incomplete spinal cord decompression observed in x-ray and magnetic resonance imaging postoperation; 4) informed consent was provided and they were willing to commit to visits at the end of week 1 to week 4, as well as at one-month follow-up. Participants were excluded from the study if they had 1) a history of previous cervical spine surgery, 2) disease that might confound therapeutic effects or explanation of outcomes, such as infection, malignant tumors, or autoimmune diseases, 3) an allergic reaction to adhesive tape for seeds.
Recruitment
Participants were recruited through invitation letters, information pamphlets, and posters in Shaoxing Hospital of TCM, affiliated with Zhejiang Chinese Medical University. During the participant's first visit, informed consent and baseline assessments were obtained. Participants were randomly assigned with equal allocation to either the real or sham APA group using computer-generated simple randomization. The computer-generated random sequence was produced by an investigator not involved in running the trial. The random sequence was kept by him, and the other researchers were unaware of the assignments. All participants and the data collector in study were blinded regarding the group assignment (real or sham group). However, the therapist (first author), who provided the APA treatment for all of the participants, was not blinded regarding group assignment.
Interventions
This trial included a period of four weeks of APA treatment and a period of one month of follow-up. Eligible participants received a total of four weeks of real APA on specific acupoints or sham APA treatments on sham acupoints according to their assigned groups ( Figure 1 ). Five active acupoints were used in the real APA group including shenmen (TF4), sympathetic (AH6a), subcortex (AT4), occiput (AT3), and cervical vertebra (AH13), while five helix points (HX 5-9) were used in the sham APA group (Figure 2) . The acupoints selected for the real APA group included three auricular acupoints for alleviating pain and stress (shenmen, sympathetic, and nervous subcortex) and two corresponding auricular acupoints (occiput and cervical vertebra) for managing cervical disorders. The sham auricular acupoints selected were those that were far away from the areas of the ear where the participant was experiencing pain. A 6 mm Â 6 mm adhesive tape with one Semen Vaccariae (approximately 2 mm in diameter, Taicheng Technology and Development Co., LTD, Shanghai, China) imbedded were attached to acupoints followed by disinfection with 75% alcohol. Participants were told to press them with a finger until obvious distention and warm feeling presented at least three to five times a day for three to five minutes each time. In addition, participants were asked to press the Semen Vaccariae for three to five minutes whenever they suffered from a neck pain. Over the duration of four-week treatment, participants received weekly seed placement, left the adhesive tape with seed on acupoints for five days, and then removed the adhesive tape with seed for two days and a new treatment began.
Outcome Measurements
The Hosono's Criteria The Hosono's criteria [23] were used to grade the severity of axial neck pain as follows: 1) severe (requiring 
Brief Pain Inventory Short Form
Neck pain in participants was assessed by Brief Pain Inventory Short Form (BPI) [24] . In the study, the items of worst pain, average pain, and overall pain were used. Overall pain was a compound of four pain items. Each pain item score ranged from 0, which stands for no pain, to 10, which stands for extreme pain.
36-Item Short Form Health Survey
Quality of life was assessed by the 36-item Short Form Health Survey (SF-36), which includes eight domains as follows: 1) physical function, 2) physical role limitations, 3) emotional role limitations, 4) energy/fatigue, 5) emotional well-being, 6) social function, 7) body pain, and 8) general health. The participants finished the SF-36 within 10 minutes. A total score for the SF-36 was calculated according to the instructions [25] .
Plasma Analysis
The plasma of IL-1b, IL-6, and TNF-a was analyzed. Peripheral blood samples of participants were collected and centrifuged at 4 C. With multiplex bead-based Luminex technology (Invitrogen, Carlsbad, CA, USA), the plasma concentrations of IL-1b, IL-6, and TNF-a were found to be the same.
Data Analysis
The data of demographic characteristics and outcome measurements of all participants in both groups were managed and analyzed with SPSS 13.0 software (SPSS Inc, Chicago, IL, USA). The demographic characteristics were first analyzed using descriptive statistics, including the mean, standard deviation, and percentage. Inferential statistics including the chi-square test, Fisher's exact test (for categorical variables), and independent t test (for continuous variables) were subsequently used to verify the homogeneity and the effects of auricular point acupressure between the real and sham APA groups. Because this was a pilot study with a small sample size, multiple testing corrections were not used. The statistical significance was defined as a P value of less than 0.05.
Results
Demographic Characteristics
Thirty-five participants were screened during initial enrollment; however, six of them were excluded for unwillingness to take part in appointments, inability to keep appointments, or other reasons (Figure 1 ). In total, 29 participants were randomly divided into either the real APA group (N ¼ 15) or the sham APA group (N ¼ 14) . During the study, two patients dropped out: one was due to tape allergy, and the other was lost contact (Figure 1 ). No significant difference was found between the real and sham APA groups on baseline demographic and clinical characteristics, including age (P values ¼ 0.59), gender (P values ¼ 0.57), operative levels (P values ¼ 0.79), Japanese Orthopaedic Association score (P values ¼ 0.68), duration of axial neck pain (P values ¼ 0.79), analgesic use (P values ¼ 0.60), and severity of axial neck pain (P values ¼ 0.91). Participants' demographic characteristics were summarized in Table 1 .
The Overall Curative Effect
The overall curative effect was assessed at the time of the end of treatment and at one-month follow-up according to Hosono's criteria [23] . Severe or moderate axial neck pain accounted for 28.6% (4/14) and 35.7% (5/14) in the real APA group and 84.6% (11/13) and 92.3% (12/13) in the sham APA group at the end of treatment and at one-month follow-up. There were significant statistical differences between the two groups at the end of treatment and at one-month follow-up (P values ¼ 0.005 and 0.002, respectively); however, this difference did not persist at baseline (P values ¼ 0.91).
The Changes of BPI Score
Compared with the sham APA group, participants in the real APA group significantly improved at the end of treatment and at one-month follow-up in worst (P values ¼ 0.002 and 0.004, respectively), average (P values ¼ 0.002 and 0.005, respectively), and overall BPI pain intensity (P values ¼ 0.005 and 0.006, respectively). The changes of BPI score between the two groups are summarized in Table 2 .
The Changes of SF-36 Score
Compared with the sham APA group, a significant difference was observed at the end of treatment and at onemonth follow-up in physical function (P values ¼ 0.001 and 0.002, respectively), physical role limitations (P Table 3 .
The Changes of IL-1b, IL-6, and TNF-a
The plasma levels of IL-1b, IL-6, and TNF-a were evaluated at the time of baseline, at the end of treatment, and at one-month follow-up. A significant betweengroup difference was observed at the end of treatment and at one-month follow-up in IL-1b (P values ¼ 0.002 and 0.004, respectively), IL-6 (P values ¼ 0.02 and 0.04, respectively), and TNF-a (P values < 0.001 and < 0.001, respectively); however, there was no statistical difference at baseline (P ¼ 0.94, 0.76, and 0.30, respectively). The plasma changes of IL-1b, IL-6, and TNF-a between two groups are summarized in Table 4 .
Discussion
The purpose of this study was to evaluate the effect of a four-week APA treatment with sham control for axial neck pain after ACDF surgery on specific auricular acupoints. Before interpreting the findings of this study, we need to be aware of its limitations. First, the results may not be generalizable to other hospitals because the sample was gathered from a single hospital and small sample size. Second, the timing of stimulating acupoints for optimal benefits is unknown. Third, the effects of auricular acupressure beyond eight weeks remain unknown. So large-scale samples and multicenter, randomized, and controlled clinical trials are still further needed to evaluate the effects and safety of APA for axial neck pain after ACDF surgery.
APA Treatment Reduces Pain Intensity
Our study showed that the APA treatment was an effective and safe method for relief of axial neck pain after ACDF surgery. The findings revealed a new potential treatment protocol for this condition. In this study, we found that after APA treatment, the BPI pain scores in the real APA group were decreased. With the time prolonged, this score was maintained at a stable and lower level. At the end of treatment and at one-month followup, the BPI score in the real APA group significantly improved when compared with the sham APA group. In addition, the analgesic use reduced correspondingly in the real APA group.
APA Treatment Improves Quality of Life
Quality of life consists of the physical and mental component. The former includes body pain, physical function, and the physical role, and the latter includes social function, the emotional role, vitality, and mental health [26] . As far as we know, this was the first study to report that APA treatment improves quality of life in patients with axial neck pain after ACDF surgery. Patients in the real APA group exhibited obvious improvement in all physical and mental components. The total mean scores of SF-36 at the end of treatment and at onemonth follow-up were 63.5 6 13.4 and 63.3 6 12.2 in the real APA group and, statistically higher than the total mean score of SF-36, 40.5 6 12.9 and 39.4 6 13.5 in sham APA group, which indicated that quality of life improved significantly in the real APA group.
The Underlying Mechanism: Downregulating the Levels of IL-1b, IL-6, and TNF-a Auricular point acupressure, a noninvasive treatment protocol, is an important part of the ancient Chinese system of medicine. With stimulating acupoints and meridians distributed in other body parts, it could prevent and cure diseases [27] . TCM believes that diseases are caused by imbalance, disruption, or energy flow blockage within the body and that acupressure could return the body to a harmonized, balanced condition. Through the transmission of nerves and meridians, the stimulation on acupoints could regulate the physiological reactions of the brain and corresponding organs. In this study, five specific acupoints were applied in the real APA group for relief of axial neck pain after ACDF surgery, including shenmen (TF4), sympathetic (AH6a), subcortex (AT4), occiput (AT3), and cervical vertebra (AH13). This group of auricular acupoints is the key point for pain relief, easing muscle tension of the neck and improving blood circulation according to TCM theory. Hence, a definite efficacy can be achieved for axial neck pain after ACDF surgery. However, the underlying biological mechanism of APA in pain relief is still unclear.
In the study, we measured plasma levels of IL-1b, IL-6, and TNF-a. The result showed that the plasma levels of IL-1b, IL-6, and TNF-a were downregulating in the real APA group while the plasma levels of IL-1b, IL-6, and TNF-a in the sham APA group exhibited no difference compared with baseline. We hypothesized that APA treatment could relieve axial neck pain in downregulating the plasma of IL-1b, IL-6, and TNF-a; however, how APA treatment induces changes in cytokines is still unclear. 
